has recently been proposed as a therapy for patients with walking disorders. Improvements have been observed in walking speed and the distance that patients are able to walk among patients with spinal cord injury 6, 7) , stroke [8] [9] [10] [11] , cerebral palsy 12) , and Parkinson's disease 13, 14) , in response to BWSTT. Patients who have undergone orthopedic surgery are reported to have greater walking speed, stride, and relief from symptoms when performing the 10-meter walking test (10MWT) immediately after BWSTT 15) . In a randomized controlled trial of patients who had undergone total hip arthroplasty, BWSTT was signifi cantly associated with pain relief and greater endurance during walking 16) . Advantages of BWSTT are the convenience of walking, lesser risk of falling while using harness, better walking speed, and the amount of load can adjusted according to the patient's potential. Canal there advantages suggest a possibility that a BWSTT might be useful as a patients with knee OA walking exercise. The benefi ts of BWSTT have not yet been studied among patients with knee OA who have not previously undergone surgery. In this study we aimed to compare the effects of BWSTT and full-body-weight treadmill training (FBWTT) in terms of their walking speed, exercise capacity, self-reported symptoms, and health related quality of life. The purpose of this RCT was to assess if BWSTT can be useful in a attaining a faster walking speed, increase the exercise capacity, retains the self-conscious condition a walk, and if health related quality of life improves when compared with the usual treadmill walk.
Methods
The patients in our study and who were diagnosed with knee OA to the outpatient clinic of the Department of Rehabilitation, National Hospital Organization, Nanao Hospital., between June 2010 and June 2011. Inclusion criteria for knee osteoarthritis patients were: (1) ability to understand and follow commands; (2) no medical contraindication to walking; (3) ability to walk independently; (4) Not received artifi cial joint replacement therapy in the past. The patients were allocated by a computer-generated random sequence provided by a researcher not involved in the enrolment process. One group of patients was assigned to undergo 6 weeks of BWSTT, and the other to 6 weeks of FBWTT. During the study period, no patients received exercise therapy other than that provided as the study intervention. None of the patients included in the study had a history of sharp leg pain while at rest, and all of them were able to walk independently without a cane. Moreover, the grade classifi cation (Yokohama city classifi cation) by a load X-rays front image and the Japan Orthopedic Association (JOA) score were estimated those with knee OA, disease severity was evaluated using the Yokohama City Classifi cation system and JOA score by consultation at a family doctor. The Yokohama City Classifi cation system was classifi ed into three groups of grade 1 (Bone sclerosis or osteophyte formation), grade 2 (Narrowing of joint space ≤ 3 mm), and grade 3 (Obliteration of joint space or subluxation) 17) . JOA score is used in the clinical evaluation of orthopedic patients and consists of four categories: pain and stair-climbing ability, range of motion, and joint swelling. A maximum score of 100 indicates a normal knee joint 18) The study was approved by the Nanao hospital's ethics committee (approval number: 2002 01-05). We explained the purpose of study to the patients and they gave their written consent to participate.
Treadmill Training Protocol
During BWSTT, the patients were partially suspended by a harness, which was part of the Biodex body weight support unit (Biodex, BDX UWSZ). The support unit comprised a vest that covered the patient's trunk to the level of the thighs, and this was connected to the harness by means of a wire suspension system. As the amount of body weight support varied according to body sway during walking, we monitored the range of support and adjusted the median of the range to 20% of the patient's body weight. The treadmill speed was set by the patients themselves: those in the BWSTT group were instructed to walk as fast as possible and those in the FBWTT group were asked to walk at their usual speed. BWSTT has been reported to decrease the energy consumption 19) ; therefore, it set to the walking rate quicker than FBWTT. We followed the guidelines of the American Geriatrics Society 20) to determine the intensity, time and frequency of exercise was set at low to moderate, that is, between 40% and 60% of the maximum heart rate, from 12 to 14 of ratings of perceived exertion. In addition, each subject was shown the 15 point Borg Rating of Perceived Exertion scale and instructed in its use. The Rating of Perceived Exertion scale was mounted on the wall in front of the treadmill and easily visible to the subjects. Measurement of cardiac beats rate used the heart rate meter (Poral RS100) by making a maximum heart rate into 220-age. These criteria provided the appropriate intensity for aerobic exercise. Patients exercised for a total of 20 min per day; the exercise duration was chosen to minimize the risk of patients needing to rest due to fatigue. There was no patient who stopped movement within 10 minutes of exercise. Additionally, there was no patient who gave the reason for rest, reported fatigue or breathlessness while undergoing this test.
The exercise was conducted twice a week for 6 weeks. Both groups performed stretching for 5 min and slow walking for 3 min as a warm-up exercise before the intervention. Any patient who suffered leg pain that became worse during or after exercise was assessed by the doctor after the intervention. In the stretch, it carried out similarly to all the subjects to quadriceps femoris and the ham string.
In the warm-up, it enforced for 3 minutes at the speed of 1 km/h. Previous studies reported 8, 10, 11, [13] [14] [15] [16] that BWSTT is effective when its level accounts for 15 to 50% of the body weight; within the range, we employed 20% for the present study, which had been the upper limit of BWS levels with harnesses being most unlikely to deviate in a preliminary experiment.
Outcome Measures
Patients were physically evaluated before the intervention (baseline), and after 3 and 6 weeks of the intervention. Patients were assessed on the day of training. The evaluation included the 10-m walking test (10MWT) 21) , functional reach test (FRT) 22) , one-leg standing test 23) , timed get up and go test (TUG) 24) , 6-min walking test (6MWT) 25) , and the parameters set on the treadmill 26) . We used the Medical Outcomes Study Short-Form 36-Item Health Survey version 2.0 (SF-36) 27 ) and the Japanese Knee Osteoarthritis Measure (JKOM) 28) to evaluate health-related quality of life. JKOM has 25 questions about "pain and stiffness in knees", "condition in daily life", " general actives", " health conditions" with 5 classifi cations per category and the assessment of knee pain by means of a visual analog scale (VAS). For FBWTT, we computed walking speed, distance and the mean and variability of stride length while walking at a comfortable speed for 6 min using the analyzer (Biodex, BDX UWS2). The walk for 6 minutes was measured using analysis equipment and each average value was computed.
Both groups performed this evaluation on the comfortable speed conditions in full weight load. In addition, the heart rate was monitored every minute during exercise. A therapist, who was blinded to the exercise strategies, evaluated these physical functions throughout the study.
Statistical Analysis
Two-way analysis of variance was performed with both exercise groups and the evaluation time points (baseline, 3 weeks and 6 weeks) as independent variables. The dependent variables were the values obtained from the physical function tests, the walking speed, distance covered, and stride length during treadmill walking, and the date from SF-36 and JKOM. We subsequently performed post hoc analysis using the Bonferroni correction for multiple comparisons. We used the unpaired from of the t-test the mean heart rate during training in both exercise groups for every 5 minute of training time. We used JMP8.0 for analysis and the threshold for statistical signifi cance was set to < 5%.
Results
A total of 37 patients with knee OA were included in this study based on the inclusion criteria. Seven of them were excluded from the study as they did not match the inclusion criteria. The study comprised of 9 men and 21 women, with an average age of 76 ± 7.5 years (mean ± SD). Twelve patients in the FBWTT groups (5 men and 7 (Fig. 1, Table 1 ). Five patients dropped out of the study as they were hospitalized, developed cold, or refused to undergo re-evaluation. There were no signifi cant differences in the profi les of the two groups in terms of age, sex, height, weight, body mass index, side affected reported due to OA, X-P grade classifi cation, or JOA score.
The mean heart rates (HR) during walking exercises were did not differ signifi cantly between the 2 groups (Fig.  2) . HR indicated the exercise intensity was aerobic. In the physical function test (Table 2) , statistical interactions were observed in the length of time taken for the 10MWT and the 6MWT. There were no signifi cant differences between groups in the results of the FRT, the one-leg standing test, the TUG or the parameters set on the treadmill. However, there were statistical interactions for using the Analyzer in walking speed, distance, and stride length variability (Table  3) . Stride length variability was also greater after 6 weeks for FBWTT, but there were no signifi cant differences between groups. Responses to questions in the SF-36 did not differ signifi cantly between groups, including those related to pain (Table 4) . Pain and stiffness in the knees assessed by the JKOM were improved after 6 weeks of exercise intervention in both groups (Table 5) . Pain levels indicated by the visual analog scale were signifi cantly reduced after training. The group with BWSTT showed signifi cantly higher values than that with FBWTT in all study periods, Fig. 2 . Changer in heart rate during treadmill training The values are presented as the mean heart in each group on day 1 (a), and after 3 (b) and 6 (c) weeks of the intervention. The dotted line represents the FBWTT group (n = 12) and the solid line represents the BWSTT group (n = 13). There were no signifi cant differences between the group (one-way analysis of variance).
including the pre-intervention period.
Discussion
There were no differences between groups in heart rate during exercise, indicating that the intensity of the exercise was similar in both. The training load was set at the level of aerobic exercise, and pain relief assessed by the visual analog scale was signifi cantly improved within 3 weeks of the intervention. The patients treated with BWSTT could also correct the stride length variability, increase walking speed, and walk the longer distance, as seen in 3 weeks of intervention. These improvements in walking function were not found among the cases with FBWTT. Therefore, BWSTT was found to be benefi cial in increasing the exercising capacity and walking speed with ameliorated pain in 3 weeks; however; no improvement was seen in balance function related to activities and general quality of life. The distance walked across the fl oor in the 6MWT was shorter than the distance covered on the treadmill over the same period of time (6-min). Walking on the treadmill feels faster and requires a greater number of steps compared to when walking on the fl at ground 29 In patients who had undergone total hip arthroplasty, Hesse et al. 16) reported signifi cantly increased activity in the gluteus medius muscle during walking after 3 or 12 months of BWSTT compared to conservative physiotherapy; this resulted in pain relief and improvement in walking patterns. However the guidelines on knee OA have not referred to a change in the stride length variability by aerobic exercise; pain reduction might be able to induce the stride length variability change. Alternatively, there is a possibility that improved walking pattern during the intervention ameliorated the pain.
In a study of BWSTT patients with hip arthroplasty, a shortened stance phase has been observed with BWSTT, especially during the double stance phase 16) . The authors suggest that the affected leg, which was too painful to support the patient's weight, was compensated by the suspension, so that stance phase could be extended and the patient could perform symmetrical walking. Three weeks of BWSTT signifi cantly improved stride length in our study. These results are similar to the fi ndings of the previous Values are presented as mean score ± SD FBWTT, n = 12; BWSTT, n = 13 Values are presented as mean score ± SD except for the VAS, which is presented as length ± SD; ♯ p < 0.05 vs. baseline (Bonferroni)
FBWTT, n = 12; BWSTT, n = 13 study which reported that the training not only corrected asymmetric walking pattern but also increased stride length and exercise capacity 16) . We found that within 3 weeks, BWSTT is generally safe with a low risk of falls, and is known to decrease the burden on the cardiopulmonary system 30) . Thus, training with suspension could be performed at a faster speed than usual without suspension. These factors resulted in faster walking speeds with BWSTT but not with FBWTT.
The time patients took to complete 10-and 6-m walking tests as also improved within 3 weeks of BWSTT only. As the assessment represents walking speed and exercise capacity, the mechanism of improvement would be the same as mentioned above.
There were no signifi cant changes in either group in terms of data obtained from the SF-36, according to the JKOM and VAS, patients experienced signifi cantly reduced pain and stiffness in the knees. As the SF-36 provides a nonspecifi c evaluation of general health, it might have limited sensitivity for assessing knee pain. In contrast, the JKOM is a disease specifi c tool for the evaluation of quality of life in knee OA, developed at the Western Ontario and McMaster Universities and adapted for a Japanese lifestyle. The JKOM has been shown to be reliable and valid of the accepted by the comparison examination with SF-36 or Westren Ontario and McMaster Universities 28) . The JKOM therefore, may be superior to the SF-36 in identifying pain reduction in patients with knee OA. No differences were noted in any item except pain between the 2 groups, possibly because the disease severity was relatively mild in many patients, and the intervention period was short (6 weeks) in this study.
Although an object disease differs from this research, Kamide et al. 31) reported that increased walking speed resulting from BWSTT did not contribute to balance function. Indeed, the results of the FRT, one-leg standing test and TUG, which represent balance function during ordinary activities, remained the same after the exercise intervention in this study.
Study Limitations
There are several limitations of this study. One of the limitations was its small sample size. Therefore, the results of present study may not be clinically relevant although they seemed to be a statistically signifi cant. Another limitation was that the study was conducted for short period; therefore, generalization of these results was inconclusive unless further studies on long-term effect of body-weightsupported walking in patients with knee OA are performed. In the present study, we could not clarify the infl uence of knee osteoarthritis according to its severity. Also, those routinely using a cane were involved in the study as well, which is a potential selection bias. We did not use clinical results in this study. This was in order to suggest an improvement of the ambulatory ability in the patients with knee OA. Further, the present study was conducted in patients from a single facility; therefore, participants' selection might have local deviation. A detailed meta-analysis is required to generalize the fi ndings of this research. One of the reasons for our result might be due to patients' impaired balance shown by the TUG and the FRT, which has been shown to be lower than that in the healthy communitydwelling elderly 32, 33) . It is possible that during the 6MWT, the patients walked more slowly when they turned corners to avoid falling. It is not clear whether walking function on the treadmill accurately refl ects walking on the ground. To demonstrate the practical effects of BWSTT, we need to analyze how treadmill walking relates to walking on the ground.
Colby et al. 19) reported a decreased oxygen uptake during walking brace by weight. In present study, the walking speed was set to different conditions of equivalent energy consumption between the two groups. Therefore, the effect of BWSTT in this study was independent of the weight support as the difference in walking speed could not be defi ned clearly.
Conclusions
After 3 weeks aerobic exercise with BWSTT or FB-WTT, patients with knee OA had reduced levels of pain for each groups. Within 3 weeks of the intervention, patients randomized to BWSTT were also to signifi cantly increase their length of stride, speed of walking and distance walked, but these functions did not improve signifi cantly among patients assigned to FBWTT. We conclude that 3 weeks of BWSTT could be benefi cial in increasing exercise capacity and walking speed and in ameliorating pain, but may not improve balance functions during every day activities or the general QOL.
